In the first part of the study, the influence of changes in preload and afterload on mean circumferential fiber shortening velocity, Vcf, was investigated in the absence of any extrinsic cause for change in the contractile state of the left ventricle (LV) of seven dogs. In five of seven dogs in which afterload was controlled and contractility was unchanged, there was a significant negative correlation between LV end-diastolic pressure and mean Vcf expressed in circumferences per second (r = -.88 to -.97). In one dog there was a positive correlation (r = +0.847) and in another dog there was no significant correlation. Correlation as a group was poor.
In five of the above seven dogs in which afterload was decreased from a control level while preload was controlled and contractility was not extrinsically altered, mean Vcf increased in all instances. Because of the influence of afterload on Vcf increased in all instances. Because of the influence of afterload on Vcf and the inconsistent relation between Vcf and preload, we controlled preload and afterload during assessment of Vcf in reflecting a change of LV contractility.
Since mean left ventricular hydraulic output power, MLVP, quantitates practically all of the mechanical power of the left ventricular musculature, MLVP was utilized to represent the contractile state of the left ventricle under conditions in which preload and afterload were controlled. Mean and peak Vcf, Vcf at peak tension, extent of circumferential fiber shortening, and peak tension were compared with MLVP to test their usefulness in reflecting a change in the contractile state of the LV.
Twenty dogs were divided into four groups of five each. Group I was exposed to cardiopulmonary bypass alone. Dogs of groups II, III, and IV were exposed to a total of 45 minutes of myocardial ischemia during bypass. After bypass, groups I, II, III and IV retained an average of 89.3, 79.9, 82.5 and 69.2% of the control or original mean Vcf, and 87.1, 63.9, 53. 4 and 33.5% of the control MLVP, respectively. Although an effect of ischemia was detected by changes of peak tension and extent of fiber shortening, the statistical evidence was less satisfactory than observed for MLVP. It was concluded that mean Vcf, peak Vcf, and Vcf at peak tension are inadequate indices to detect acute changes in the contractile state of the LV produced by prior myocardial ischemia. These same changes in contractility are readily determined by MLVP The relationships between myocardial force, velocity, and fiber length to determine the contractile state of the heart have evolved from investigations of cardiac muscle strips,7 and these principles have been applied in the analysis of function of the intact heart.,8 9 Important determinants of cardiac performance are considered to be preload, afterload, contractility, and heart rate.
Prior to investigating circumferential fiber shortening velocity as an index of cardiac contractile state, we performed an initial study to evaluate the influence of a change of preload and afterload on mean Vcf while no agents were given extrinsically that would alter the contractile state of the heart. We recognized that alteration of arterial pressure during the performance of such studies may effect contractility through reflex stimulation. 10 Subsequently, the contractile state of the left ventricle (LV) was altered while preload and afterload were controlled to test the ability of velocity of circumferential fiber shortening and myocardial wall tension to reflect a change in contractility. Several levels of LV contractility were produced by exposing the heart for varying intervals to myocardial ischemia similar to that used clinically1" and experimentally. 9 12 In order to have an alternate index of change in contractility, we reviewed the mechanical energy expenditure of the left ventricle. From mathematical analysis the mechanical energy required to increase left ventricular pressure from its end-diastolic level to that just prior to aortic valve opening is negligible although significant oxygen consumption occurs. During the ejection phase of systole, the mechanical power developed by the left ventricle may be divided into four components: 1) that power associated with pumping of blood from the left ventricle, 2) the rate of changes of kinetic energy of the left ventricular wall and of the blood contained therein, 3) the rate of energy lost because of friction between muscle fibers and 4) the power utilized to change the potential energy of blood ejected from the heart. Of these items only the first is believed to be associated with a signifi- The percentage of the control values of peak tension of groups I, II, III, and IV was 90.7, 87.7, 76.3 and 70.1. Although a significant effect of ischemia was noted (F = 5.38, df = 3,16; P < 0.05), the only significant intergroup differences found18 were between groups I and III (P < 0.05) and groups I and IV (P < 0.05).
Extent of Circumferential Fiber Shortening
The percentage of the control values of extent of circumferential fiber shortening noted in groups I, II, III, and IV were 82.1, 65.7, 69.8 and 47.2 respectively. A significant effect on the extent of circumferential fiber shortening was observed (F = 7.94, df = 3,16; P < 0.01). In extent of circumferential shortening, group I differed significantly only from group IV (P < 0.01). Group II differed from group IV (P < 0.05) and group III differed from group IV (P < 0.01).
Cardiac Output
The percentage of the control cardiac output retained by the dogs of groups I, II, III, and IV were 93.1, 79.0, 69.5 and 51 4 respectively. Group IV differed from groups I, II, and III (P < 0.01). Group I differed from group II (P < 0.05) and from group III (P < 0.01). There was no significant difference between groups II and III.
There was no significant change in heart rate, systemic vascular resistance, or left ventricular enddiastolic pressure or volume observed after cardiopulmonary bypass of dogs in groups I, II, III, and IV ( Exposure of the dog's heart to myocardial ischemia appeared to be manifested in part by a decrease in LV wall tension. The exclusive use of either fiber shortening velocity or wall tension provided only an incomplete assessment of the contractile state of the LV musculature. Mean Vcf is derived from the change in circumference of the minor axis of the heart divided by the systolic ejection period. If both the change in circumference and the ejection interval decrease nearly proportionately as a result of ischemia, mean Vcf will not reflect impaired contractility. Although the amplitude of Vcf was not greatly altered by ischemia, its time interval was decreased so that the extent of shortening more nearly reflected the severity of impairment of LV function than mean Vcf.
Because of the dependence of Vcf on afterload and because of the observed variability of mean Vcf in response to changes in preload, it is recommended that isolated values for Vcf be interpreted with caution. It is concluded that discrete changes of the contractile state of the left ventricle produced acutely by ischemia did not result in significant changes of mean Vcf. Specific levels of ventricular impairment which are readily detected by mean left ventricular hydraulic output power under conditions of controlled preload and afterload were not satisfactorily reflected in the values for mean Vef, peak Vcf, or Vef at peak tension.
